1. Introduction
===============

In the rapidly changing lifestyles of our present times, the use of synthetic chemicals, chemotherapeutic agents, and carcinogenic substances, as well as the widespread environmental pollutants, have negatively impacted human and other living organisms at the cellular and genetic levels. This is all the more dangerous because DNA genome sequence, carrying the genetic code, replicates semi-conservatively, handing down this tainted biological heritage from one generation to the next ([@b1-epj-08-3015]). The DNA molecule is continuously targeted by numerous carcinogenic and mutagenic agents that induce, either directly or indirectly, the production of free radicles, which react with each and every component of the DNA molecule, damaging its purine and pyrimidine bases ([@b2-epj-08-3015], [@b3-epj-08-3015]). Free radicals are primarily generated as a result of various metabolic processes and are generally regarded as essential for molecular organization processes. However, carcinogenic and mutagenic agents to which the human is continuously exposed leads to accumulation of free radicals in the body, compromising the ability of the biological system to remove toxins and repair the damage they cause, hence the oxidative phenomenon, which plays a major role in the development of many diseases ([@b4-epj-08-3015]--[@b6-epj-08-3015]). Natural products also have been known since the most ancient ages for their therapeutic values due to their varied chemical content, which helps preserve and develop self-defense mechanisms, represented by the natural cellular resistance, which protects the cells from toxic products and other environmental stresses. Many studies have indicated the usability of naturally occurring chemical substances as effective antioxidants that improve human health and protect against cancer and heart diseases. It is noteworthy here that antioxidants are both anti-mutagenic, i.e., protect against potential nucleic acid damage and anti-carcinogenic, i.e., prevent the development of secondary tumors without interfering with the therapeutic action of chemotherapeutic agents, whose efficacy it actually potentiates ([@b4-epj-08-3015], [@b7-epj-08-3015]--[@b11-epj-08-3015]). Evidence abounds as to the advisability of combining antioxidants with certain types of chemotherapeutic agents, due to their effectiveness in reducing neoplastic toxicity and limiting the generation of free radicals resulting from chemotherapy ([@b12-epj-08-3015]). Allah has created a multitude of natural products that may reduce the genetic toxicity associated with chemotherapy or caused by mutagenic agents, and it is a human duty to see how natural products can become a promising source of new medicines. God Almighty has spoken the truth when he said in his holy book: "Then eat all the fruits and follow the ways of your Lord laid down \[for you\]. There emerges from their bellies a drink, varying in colors, in which there is healing for people. Indeed, in that is a sign for a people who give thought" \[Sura An-Nahl, verse 69\]. Out of the verse, this study aspires to demonstrate the scientific miracles in the divine power healing that God placed in bee products (Propolis) and what lies in the diversity of compounds contained in the perfect consistency between effective in its material and its effectiveness, which may occur from the effects on cells' physical transaction result from Dacarbazine (DTIC) as anti-cancer drugs.

2. Material and Methods
=======================

2.1. Animals used
-----------------

This experimental in vivo study was conducted on male albino mice (*Mus Musculus*, 2n = 40) of the *MFI* strain, aged 10--12 weeks, which have been obtained from the animal house of the King Fahd Medical Center located at King Abdulaziz University in Jeddah, where he developed these mice in special plastic cages under appropriate laboratory conditions in a well-ventilated private room. The water is provided daily along with fed dry rations in order to maintain the animal experiments.

2.2. Dacarbazine (DTIC)
-----------------------

Dacarbazine is chemotherapy used in cancer patients; its trade name is known as DETICENE, obtained from king Abdulaziz hospital in Jeddah.

2.3. Propolis
-------------

Bee glue, a material collected by bees from leaves' buds and has numerous benefits, and was obtained from Wild Honey Company in Saudi Arabia, Riyadh.

2.4. Experimental Design
------------------------

Eighteen male mice were used in this study, which were divided into four main groups as follows: 1) Group 1 was treated with a distilled water; 2) Group 2 was treated with a 50mg/kg dose of bee glue (Propolis) ([@b13-epj-08-3015]); and 3) Group 3 was treated with a 3.5mg/kg dose of Dacarbazine, adjusted for mice in accordance with the international adjusted dosage schedule ([@b14-epj-08-3015]); 4) Group 4 was treated with a combination of Propolis at a dose of 50mg/kg and Dacarbazine at a dose of 3.5mg/kg. Groups were further categorized into three categories as follows:

-   ***Category a):*** receiving sequentially combined treatment with Propolis then 2h Dacarbazine

-   ***Category b):*** receiving simultaneous treatment with Propolis and Dacarbazine

-   ***Category c):*** receiving sequentially combined treatment with Dacarbazine then 2h Propolis

2.5. Treatment
--------------

Dacarbazine was administered by intraperitoneal injection (i.p.) ([@b15-epj-08-3015]). Propolis was administered via an orogastric tube ([@b16-epj-08-3015]) for five consecutive days. The technique suggested by Heddle ([@b17-epj-08-3015]) was followed in preparing bone marrow slices for the micronuclear test ([Figure 1](#f1-epj-08-3015){ref-type="fig"}). To calculate the preventive effect, i.e., anti-mutagenic effect of Propolis against the mutagenic effect of Dacarbazine, the Serpeloni et al. equation was used ([@b18-epj-08-3015]).

2.6. Statistical Analysis
-------------------------

Statistical analysis was conducted on the basis of independent-samples t-test and analysis of variance (ANOVA) to calculate the significance of findings arrived at through the test under study.

3. Results
==========

3.1. The impact of sub-acute treatment with Propolis (bee glue)
---------------------------------------------------------------

Results obtained 24 hours after the last treatment of male mice with a 50 mg/kg dose of Propolis ([Table 1](#t1-epj-08-3015){ref-type="table"}) showed that the number of micronuclei was slightly less than the control sample, valued at 5.67±0.88 (0.57%). However, there were no significant differences in the mean appearance of micronucleated polychromatic erythrocytes (MN-PCEs), compared with the control sample's value of 6.00±1.53 (0.60%) ([Table 2](#t2-epj-08-3015){ref-type="table"}, [Figure 1](#f1-epj-08-3015){ref-type="fig"} and [2](#f2-epj-08-3015){ref-type="fig"}).

3.2. The impact of sub-acute treatment with 3.5 mg/kg therapeutic dose of Dacarbazine
-------------------------------------------------------------------------------------

Results obtained from [Table 2](#t2-epj-08-3015){ref-type="table"} indicate Dacarbazine's high cytotoxicity to bone marrow cells of male mice treated with a 3.5 mg/kg therapeutic dose of Dacarbazine. Such treatment showed a highly significant increase (p\<0.001) in the mean appearance of micronucleated polychromatic erythrocytes (MN-PCEs), valued at (64.67±2.73), estimated at (6.47%), compared with the control sample ([Figure 2](#f2-epj-08-3015){ref-type="fig"}).

3.3. Impact of sub-acute, combined treatment with Propolis and a 3.5 mg/kg therapeutic dose of Dacarbazine
----------------------------------------------------------------------------------------------------------

Examination of micronucleated polychromatic erythrocytes (MN-PCEs) of bone marrow cells of mice under sub-acute, combined treatment with a 50mg/kg dose of Propolis and a 3.5 mg/kg therapeutic dose of Dacarbazine. Precedent, simultaneous, and subsequent sub-acute treatment showed a highly significant increase (p\<0.001) in the mean appearance of micronucleated polychromatic erythrocytes (MN-PCEs), valued at (12.67±2.03), 29.33±2.85, and 39.33±2.60, estimated at 1.27%, (2.93%) and 3.93% respectively, compared with 64.67±2.73, estimated at 6.47% resulting from sub-acute treatment with Dacarbazine at therapeutic dose of 3.5mg/kg. Calculation of the anti-mutagenic impact on the inducer of nucleoli revealed that precedent, simultaneous, and subsequent sub-acute combined treatment with both Propolis and Dacarbazine had caused a marked improvement, valued at 80.37%, 54.71%, and 39.26%, respectively ([Table 2](#t2-epj-08-3015){ref-type="table"}, [Figure 3](#f3-epj-08-3015){ref-type="fig"}).

3.4. Comparing the impact of sub-acute treatment with either 50mg/kg dose of Propolis or 3.5 mg/kg therapeutic dose of Dacarbazine, on the one hand, and the impact of combined, sub-acute treatment with both Propolis and Dacarbazine on the inducer of nucleoli, using analysis of variance and the least significant difference (LSD)
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Results obtained from ANOVA indicate a highly significant increase (p\<0.001) in the mean appearance of micronucleated polychromatic erythrocytes (MN-PCEs), valued at (F=108.60) between sub-acute treatment with either 50mg/kg dose of Propolis or 3.5 mg/kg therapeutic dose of Dacarbazine, on the one hand, and the impact of combined, sub-acute treatment with both Propolis and Dacarbazine, compared with the control sample ([Table 3](#t3-epj-08-3015){ref-type="table"}). A comparison test, using the least significant difference, showed the highest significant difference to be (p\<0.001) in the mean appearance of micronucleated polychromatic erythrocytes (MN-PCEs), as a result of sub-acute treatment with Dacarbazine therapeutic dose and the simultaneous, and subsequence combined treatment with both Propolis and Dacarbazine and to be (p\<0.05), as a result of combined, sub-acute, precedent treatment with Propolis and subsequent treatment with the chemotherapeutic agent. On the other hand, treatment with either Propolis did not post any significant difference in the mean appearance of micronucleated polychromatic erythrocytes (MN-PCEs) ([Figure 4](#f4-epj-08-3015){ref-type="fig"}). Treatments, in terms of least impact on the inducer of nucleoli, can thus be placed in the following order: P\<T2A\<T3A\<T4A\<T1A.

4. Discussion and conclusions
=============================

This study aimed at evaluating the potential genetic, cellular, and preventive impact of treatment with Propolis per se, combined, precedent, simultaneous, and subsequent treatment with Propolis and Dacarbazine and treatment with Dacarbazine per se. To achieve this goal, *MFI* albino mice of the species *Mus Musculus*, being mammals, were chosen, and a therapeutic dose of 3.5mg/kg was also chosen for chemotherapeutic treatment of 8-week-old male mice for five consecutive days. Results of the micronuclear test showed a highly significant ability of Dacarbazine to produce micronucleated polychromatic erythrocytes (MN-PCEs) in bone marrow cells of mice treated with a therapeutic dose of Dacarbazine, compared with the control sample. This is consistent with results arrived at by many previous researchers, who treated bone marrow cells using members of the group of alkylating anticancer drugs of which the drug under study, Dacarbazine, is also a member ([@b19-epj-08-3015]--[@b22-epj-08-3015]). Micronuclei originate from acentric chromatid or chromosomal splinters or from whole chromosomes that do not join the nucleus proper at the end of the final phase of cell division (telophase), due to a failure of proper connection to spindle fibers during the anaphase of cell division. These chromosomes or chromosomal splinters are joined together by means of a nuclear membrane and are small in size, compared with the size of the nucleus proper ([@b23-epj-08-3015]). Because micronuclei result from whole or splintered chromosomes joining together during the anaphase of cell division and are connected, as well, to the appearance and development of many types of tumors and negative cell division, they are usually used as biologic indicators of chromosomal aberrations or genetic mutations resulting from chemotherapeutic treatment and are ranked as the first tool to test the ability of chemical substances/chemotherapeutic agents to induce chromosomal anomalies/damage, whether numerical or structural ([@b24-epj-08-3015]--[@b26-epj-08-3015]), the micronuclear test being the most sensitive and the most powerful statistical tool to evaluate DNA breaks, which indicate potential mutations ([@b27-epj-08-3015]). Micronuclei form as a result of treatment with antineoplastic drugs that either cause direct damage to the nucleic acid or inhibit the cell cycle or damage the spindle fibers of mitotic division ([@b28-epj-08-3015]).

It was observed in previous studies that treatment with Dacarbazine had caused chromosomal aberrations/anomalies, chromosomal separation and chromatids gaps ([@b29-epj-08-3015]), DNA breaks in lymphocytes of patients undergoing Dacarbazine chemotherapy ([@b30-epj-08-3015]), and a considerable increase in micronuclei, which is considered as an indicator of genetic toxicity exerted by this drug on lymphocytes ([@b31-epj-08-3015]). In addition to those two mechanisms, micronuclei may form as a result of breaks in anaphasic bridges and may itself be the cause of development of bi-centric chromatids, interference of annular chromosomes, or union of sister chromatids ([@b28-epj-08-3015]). It was further proven that treatment of mice with the alkylating agent Dacarbazine at a dose of 30mg/kg body weight led to depression and chromosomal anomalies, mostly in the form of chromatid gaps and breaks that are directly proportional to the dosage and duration of the chemotherapeutic agent ([@b29-epj-08-3015]). In 2002, Adler et al. conducted a test to determine Dacarbazine clastogenic impact on somatic cells, as well as on microbial cells in mice ([@b32-epj-08-3015]). The test showed that Dacarbazine-induced production of micronuclei in bone marrow cells, increasing progressively in proportion to the dose of the chemotherapeutic agent, ranging from 0--125mg/kg. Previous studies also confirmed Dacarbazine as a genotoxic and cytotoxic agent ([@b33-epj-08-3015]). Dacarbazine is also considered as a powerful oxidizing agent, as Dacarbazine-based chemotherapy leads to a release of free radicals, including types of reactive oxygen such as hydrogen peroxide, free hydroxyl radicals \[OH−\], known for its ability to destroy nucleic acids, and other vital cellular molecules ([@b34-epj-08-3015], [@b35-epj-08-3015]). Chemotherapy also reduces levels of antioxidant substances and enzymes in various tissues ([@b7-epj-08-3015]). By reducing antioxidants, which eliminate cytotoxicity induced by chemicals, including chemotherapeutic agents, by acting as free radical scavenging traps, treatment with Dacarbazine results in a deficient cellular defensive mechanism and increased oxidation processes, releasing free radicals, which are known for their ability to destroy cells and ultimately tissues. This is probably the most logical explanation for the consequences of treatment with Dacarbazine. The appearance of micronuclei in bone marrow cells of mice treated with a therapeutic dose of Dacarbazine, as evidenced by the current study, is, therefore, a credible proof of the genotoxic effects of this drug and an indicator of its mutagenicity. Combined, precedent, simultaneous, and subsequent treatment with Propolis and Dacarbazine caused a highly significant reduction in the numbers of micronuclei in micronucleated polychromatic erythrocytes (MN-PCEs) by1.27%, 2.93%, and 3.93%, respectively. This result is consistent with findings of previous studies that suggested the possibility of prevention of genotoxic effects resulting from chemotherapy, by using compounds that possess antioxidant properties, in vivo and in vitro.

Another study was conducted to evaluate both in vivo and in vitro anti-mutagenicity of Propolis in mice treated in vitro with Propolis in combination with daunomycin (DMC) and 2-aminofluorene (2AF) and in vivo with Propolis in combination with mitomycin (MMC) and cyclophosphamide (CP), all of which are known to lead to the formation of micronuclei in bone marrow cells of mice as well as to the development of chromosomal aberrations. Results showed that Propolis prevents the development of mutations as a consequence of treatment with (DMC) and (2AF) and that such prevention is directly dependent on dosage because Propolis was observed to prevent the formation of micronuclei at concentrations ranging from 45--135 mg/kg and to reduce the rate of recurrence of chromosomal aberrations at 135mg/kg concentration. From those findings, we can safely conclude that Propolis is a good inhibitor of mutations resulting from in vitro treatment with (DMC) and (2AF), as well as in vivo treatment with CP and MMC ([@b36-epj-08-3015]). The results of the preventive effects study of different concentrations of Propolis against genotoxicity resulting from the treatment aflatoxin B1 (AFB1) in mice through the micronuclei test to increase the production of micronuclei in peripheral lymphocytes, treatment with Propolis decreased genotoxicity indicators that it causes by AFB1, which is attributed to the strong ability of Propolis to eliminate free radicals ([@b37-epj-08-3015]). Upon using hydrogen peroxide to induce damage to lymphocytic nucleic acid in order to evaluate the preventive or protective potential of Propolis, a marked reduction in hydrogen-peroxide-induced nucleic acid damage was observed in cells treated with Propolis. This may be attributable to the antioxidant activity of phenolic compounds contained in Propolis, which contributes to the limitation of nucleic acid damage resulting from hydrogen peroxide. Propolis has, therefore, a protective chemical activity, which may occur under various mechanisms ([@b38-epj-08-3015]). This study, thus, demonstrates that Dacarbazine has a genotoxic and mutagenic impact and contributes to chromosomal breakage, as was shown by the micronuclear test. Results obtained from this test indicate that sub-acute, combined, precedent, simultaneous, and subsequent treatment with Propolis and Dacarbazine limited the cytotoxic and genotoxic impact of sub-acute treatment with Dacarbazine per se. This study suggests, therefore, based on the previous findings, that the ability of Propolis to limit Dacarbazine cytotoxic and genotoxic effects may be attributable to Propolis being a potent antioxidant ([@b39-epj-08-3015]). Propolis antioxidant and anticancer activity may be linked to the antioxidant property of its individual active components ([@b39-epj-08-3015], [@b40-epj-08-3015]) such as: 1) Group of vitamins of which the most important are vitamins B1, B2, B6, C, and E. Previous research attributed the anticancer activity of these substances as well as its ability to limit the cytotoxic and genotoxic effects of chemotherapy to the following mechanisms: Inhibition of estrogen receptors, induction of expression and activation of receptors of peroxide, which prevents cellular proliferation and inhibits nuclear receptors and which induce cellular growth and proliferation; induction of replicating agents, organizing antioxidation and detoxification, anti-inflammatory activities; induction of programmed cell death (apoptosis); enhancement of self-cellular phagocytosis and collagen production; enhancement of detoxification by P450 cytochrome; reduction of neoplastic genes; Scavenger of free radicals; enhancement of the immune system function ([@b41-epj-08-3015]--[@b43-epj-08-3015]); 2) flavonoids are a group of naturally occurring, low-molecular-weight substances, which possess many beneficial biological effects, including an anti-inflammatory, anti-allergic, antiviral, antioxidant, and anticancer effect, in addition to biologically protective effects, both in vivo and in vitro. The most important members of this group are quercetin, chrysin, caffeic acid phenethyl ester (CAPE), naringenin, glangin, acaacetin, apigenin, artepilin C. Previous studies proved that flavonoids' antioxidant impact is much more potent than that of vitamins C and E and that these compounds can prevent damage inflicted by free radicals via several mechanisms, namely, removal of reactive oxygen species ROS, activation of antioxidant enzymes, metal chelating activity, reduction of alpha-tocopherol radicals, inhibition of oxidases, alleviation of oxidative stress resulting from treatment with mutagenic agents, augmentation of antioxidant properties of low molecular antioxidants, reduction of P53 protein mutations, arresting cancer cell cycle, inhibition of tyrosine kinase, binding to estrogen receptors, inhibition of ROS proteins ([@b44-epj-08-3015], [@b45-epj-08-3015]). The sincerity of the Messenger of Allah, peace is upon him when he said: The whole Hand Such believer like bee ate good and put a good signed did not break and did not spoil.
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![Micrographs show bone marrow cells in treated male mice and show where 1: polychromatic erythrocytes "normal"; 2: polychromatic erythrocytes with "micronucleus" (X1000)](EPJ-08-3015-g001){#f1-epj-08-3015}
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###### 

Number of mice and the amount of doses of different groups experience.

  Group 1 (C)   Group 2 (P)                         Group 3 (T1)   Group 4 (Propolis+T1)                                  
  ------------- ----------------------------------- -------------- ----------------------- --- ---------------------- --- -----------------------------------
  3             Physiological solution              3              (50 mg/kg) Propolis     3   T1A (DTIC 3.5 mg/kg)   3   T2A (P 50 mg/kg → DTIC 3.5 mg/kg)
  3             T3A (P 50 mg/kg + DTIC 3.5 mg/kg)                                                                         
  3             T4A (DTIC 3.5 mg/kg →P 50 mg/kg)                                                                          

C: Control, P: Treatment with Propolis, T1: Treatment with Dacarbazine, P+T1: Treatment with Propolis & Dacarbazine

###### 

Effect of Propolis, treatments of Dacarbazine and the dual treatment with Propolis and Dacarbazine on the mean of polychromatic erythrocyte with micronucleus in male mice.

  Groups (treatment)   Number of polychromatic erythrocytes with micronucleus   Mean ± SE                                                                                           Rate of induction of micronucleus   Rate of antimutagens effects
  -------------------- -------------------------------------------------------- --------------------------------------------------------------------------------------------------- ----------------------------------- ------------------------------
  C                    18                                                       1.53 ± 6.00                                                                                         0.60                                \-
  P                    17                                                       0.88 ± 5.67                                                                                         0.57                                \-
  T1A                  194                                                      64.67±2.73[\*](#tfn5-epj-08-3015){ref-type="table-fn"}[a](#tfn3-epj-08-3015){ref-type="table-fn"}   6.47                                \-
  T2A                  38                                                       12.67±2.03[\*](#tfn5-epj-08-3015){ref-type="table-fn"}[b](#tfn4-epj-08-3015){ref-type="table-fn"}   1.27                                80.37
  T3A                  88                                                       29.33±2.85[\*](#tfn5-epj-08-3015){ref-type="table-fn"}[b](#tfn4-epj-08-3015){ref-type="table-fn"}   2.93                                54.71
  T4A                  118                                                      39.33±2.60[\*](#tfn5-epj-08-3015){ref-type="table-fn"}[b](#tfn4-epj-08-3015){ref-type="table-fn"}   3.93                                39.26

C: Control, P: Propolis, T1A: Dacarbazine, T2A: Propolis→Dacarbazine, T3A: Propolis + Dacarbazine, T4A: Dacarbazine→Propolis, Comparison with C, Comparison with T1A;

Comparison with C,

Comparison with T1A,

p-value \< 0.001.

###### 

ANOVA and LSD between the effect of treatment of Dacarbazine, Propolis and The Dual Treatment with Propolis and Dacarbazine on the mean of polychromatic erythrocytes with micronucleus

  Statistics and groups   ANOVA    LSD                   
  ----------------------- -------- ---------- --- ------ --
  Control (C)             108.6    \< 0.001   P   0.33   
  T1A                     −58.67   \< 0.001              
  T2A                     −6.67    \< 0.05               
  T3A                     −23.33   \< 0.001              
  T4A                     −33.33   \< 0.001              
